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Background: Sacroiliac joint (S1J) disorders are common in patients with chronic lower back
pain. Minimally invasive surgical options have been shown to be effective for the treatment of
chronic SIJ dysfunction.

Obijective: To determine the cost-effectiveness of minimally invasive SIJ fusion.

Methods: Data from two prospective, multicenter, clinical trials were used to inform a Markov
process cost-utility model to evaluate cumulative 5-year health quality and costs after minimally
invasive S1J fusion using triangular titanium implants or non-surgical treatment. The analysis
was performed from a third-party perspective. The model specifically incorporated variation
in resource utilization observed in the randomized trial. Multiple one-way and probabilistic
sensitivity analyses were performed.

Results: S1J fusion was associated with a gain of approximately 0.74 quality-adjusted life years
(QALYs5) at a cost of US$13,313 per QALY gained. In multiple one-way sensitivity analyses
all scenarios resulted in an incremental cost-effectiveness ratio (ICER) <$26,000/QALY.
Probabilistic analyses showed a high degree of certainty that the maximum ICER for SIJ fusion
was less than commonly selected thresholds for acceptability (mean ICER =$13,687, 95% con-
fidence interval $5,162-$28,085). SIJ fusion provided potential cost savings per QALY gained
compared to non-surgical treatment after a treatment horizon of greater than 13 years.
Conclusion: Compared to traditional non-surgical treatments, SIJ fusion is a cost-effective, and,
in the long term, cost-saving strategy for the treatment of SIJ dysfunction due to degenerative
sacroiliitis or SIJ disruption.

Keywords: cost-effectiveness analysis, degenerative sacroiliitis, minimally invasive surgery,
sacroiliac joint arthrodesis, sacroiliac joint disruptions, sacroiliac joint dysfunction, spine
surgery

Introduction
Chronic low back pain is a major cause of disability worldwide, with an estimated
83 million well-years of life lost every year due to ill health, disability or early death.
Low back pain is more burdensome than many other highly impactful conditions, such
as cancer and COPD and is the sixth most common cause of decrements in global
disability-adjusted life years.? In highly developed countries, low back pain is in the
top three causes of years with disability and the disutility of chronic low back pain
has been rated as high in most countries.>

Despite recognition in the early 1900s that it can be a cause of chronic low back pain
and disability,* the sacroiliac joint (SIJ) remains a poorly recognized pain generator.
Pain emanating from the SIJ is common, explaining up to 15%-25% of chronic low
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back pain in patients evaluated in the outpatient setting;** an
even higher prevalence (40%° and 43%) has been reported
following lumbar fusion surgeries. Several lines of evidence
support the SIJ as a pain generator. Cadaveric studies show
that the SIJ contains mechanoreceptors and nociceptive
fibers.*!° Blinded studies of normal volunteers show that
pain elicited when probing the SIJ can be blocked with local
anesthetic delivery.®!! SIJ pain is diagnosed on the basis of
history and physical examination maneuvers that stress the
joint.'? In standard practice, the SIJ is confirmed as a pain
generator by image-guided local anesthetic block of the joint
or sacral nerve roots, as recommended by numerous practice
guidelines.”*"'7 S1J pain is associated with marked depression
of quality of life."® The high prevalence of SIJ conditions and
corresponding poor quality of life implies that the societal
burden of disease is substantial.

Non-surgical treatments for SIJ pain include medications,
physical therapy, chiropractic treatment, SI1J steroid injec-
tions, and radiofrequency (RF) ablation. Published evidence
for long-term pain relief following physical therapy for SIJ
pain is limited. Pain relief following periarticular SIJ steroid
injections was observed only temporarily in two small ran-
domized trials.”®* Two blinded randomized clinical trials
showed that RF ablation of the sacral nerve roots was more
effective than sham in relieving chronic SIJ pain.*'* Long-
term follow-up from one study showed modest 12-month
pain relief.

Until recently, surgical treatments for SIJ pain were
limited. Surgical fusion of the SIJ was first reported in the
1920s.2* Since then, several single-center, retrospective
case series have suggested a modest success rate for open
S1J fusion, combined with a high morbidity rate,>=° such
that open SIJ fusion is no longer commonly used. Recently,
devices for minimally invasive surgery (MIS) S1J fusion have
become commercially available and the minimally invasive
approach to SIJ fusion is now the most prevalent.’! Several
case series have reported high rates of improvement in pain
and disability after MIS SIJ fusion®*® and results from pro-
spective single center studies®#' and multicenter*>* trials
have shown similar findings. In a prospective randomized
controlled trial of MIS S1J fusion vs non-surgical treatment,
patients who underwent MIS SIJ fusion had markedly larger
improvements in pain, disability, and quality of life com-
pared to those who underwent non-surgical treatment.***
A companion multicenter prospective single arm study
showed similar results.* In a systematic review,* long-term
evidence of sustained improvement in pain and disability
after MIS SIJ fusion was observed after 4°* and 5 years®’

of follow-up, which lends further evidence to support the
safety and effectiveness of MIS S1J fusion. While evidence
to support the safety and effectiveness of MIS SIJ fusion
is growing, the cost-effectiveness of this treatment is not
known. In this report, we use data derived primarily from
a randomized clinical trial to analyze the incremental cost-
effectiveness of MIS SIJ fusion compared to non-surgical
treatments in patients with chronic SIJ dysfunction due to
degenerative sacroiliitis and SIJ disruptions.

Methods

Model overview

A Markov process model was developed to simulate 5-year
US costs and health states in patients with SIJ dysfunction
who are contemplating surgery. The model takes a direct cost,
third-party payer perspective with a 1-month cycle length.
Modeled interventions were: 1) minimally invasive SIJ fusion
using triangular-shaped titanium implants placed across the
S1J (iFuse Implant System®, SI-BONE, Inc., San Jose, CA,
USA); and 2) non-surgical treatment for SIJ pain, consisting
of physical therapy, S1J intra-articular steroid injections and
RF ablation of the SIJ. Where relevant, we followed recom-
mendations of Ofman et al,* which were used in a review of
spine surgery-related cost-effectiveness analyses.*’

A simplified version of the model is depicted in Figure 1.
All patients began in the severe SIJ pain health state and
underwent either SIJ fusion or non-surgical treatment. For
patients receiving SIJ fusion, an additional cycle of being
in the severe pain health state was modeled to represent the
immediate post-surgical state and recovery.

After initial surgery, the model incorporated an event for
immediate revision for patients experiencing neuropathic
symptoms related to implant malposition. The health states
associated with post-surgical outcomes were mild SIJ pain
(indicating successful surgical response) or continued severe
SIJ pain (indicating unsuccessful surgical response). As
months progress, patients could either remain in the same
pain health state, undergo late revision surgery, or die. To
account for late loosening potentially causing S1J pain and
requiring surgical revision, this event was considered a tun-
nel health state. Those who received late revision surgery
accrued two cycles of being in the severe pain state and then
achieved the outcome of mild pain or severe pain. In the non-
surgical treatment arm, patients could remain in the severe
SIJ pain health state (reflecting poor response to treatment),
improve to mild SIJ pain, or die. It was assumed that after
initial response to non-surgical treatment, patients either
remained in the same health state or died.
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Figure | Overview of structure for the decision analysis model.
Abbreviation: S|, sacroiliac.

Based on the total time spent in the different health states,
the model calculated the expected costs in US dollars and
quality-adjusted life years (QALYs) associated with each
treatment to calculate the relative cost-effectiveness and
incremental cost-effectiveness ratio (ICER). All outcomes
were discounted by 3% annually. A half-cycle correction was
implemented to account for health state transitions occurring,
on average, half way through each cycle.*

Model inputs

Data from two ongoing prospective clinical trials*-° were
used as primary input sources. Data from other reports of
SIJ fusion and non-surgical treatment were used for other
assumptions. The probability of death was assumed to be
independent of health state and was based on the latest

Late
revision

Q\

\| Severe
pain

Severe
pain

available (2009) US life table from the Centers for Disease
Control and Prevention National Vital Statistics System.’!

Clinical inputs

INSITE

Investigation of Sacroiliac Fusion Treatment (INSITE,
NCTO01681004) is a prospective, multicenter, randomized
controlled trial designed specifically to support this cost-
utility analysis.**** INSITE participants were patients with
chronic SIJ dysfunction due to degenerative sacroiliitis and
S1J disruptions who had severe SIJ pain (visual analog scale
[VAS] rating =50 on a 0—100 mm scale) unresponsive to at
least 6 months of conservative treatment, moderate-to-severe
disability (ie, an Oswestry Disability Index [ODI] score of at
least 30 points), a positive Fortin finger test, SIJ pain elicited
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with at least three of five physical examination provocative
maneuvers that stress the SIJ, and a marked immediate decrease
in SIJ pain after fluoroscopically guided intra-articular SIJ
block with local anesthetics. Patients were excluded if they had
severe chronic back or hip pain due to competing hip or spine
conditions, inflammatory sacroiliitis, recent major trauma,
payments for disability or involvement in litigation related
to SIJ or low back pain, and other reasons described in the
primary clinical trial report.* Patients were randomly assigned
to receive either immediate SIJ fusion using iFuse Implant Sys-
tem (n=102) or non-surgical treatment (n=46). Non-surgical
treatment consisted of medication management, SIJ-directed
physical therapy, S1J steroid injections, and RF ablation of the
S1J, delivered in a stepwise fashion according to patient needs.
The non-surgical intervention in INSITE was designed to be
consistent with optimal non-surgical care provided in the US
and is the basis of the non-surgical treatment arm of the model
reported herein. Patients in the non-surgical group could cross
over to surgical treatment after the 6-month visit.

Resource utilization was collected in patients in both arms
at each follow-up visit; this included the delivery of both trial-
required interventions and any additional, non-trial related
pre-specified S1J health care interventions subjects received
since the last study visit, namely additional SIJ surgeries
(eg, revision surgery, see “Probability of revision after MIS
S1J fusion”), S1J steroid injections or other interventions to
address SIJ pain, physical therapy beyond that specified by
the protocol, and radiographic tests (magnetic resonance
imaging, computed tomography, X-ray) related to adverse
events or continued pain. Self-rated SIJ pain and validated
quality of life assessments, including the 36-item Short Form
Health Survey (SF-36)> and EuroQOL Research Foundation
(EQ-5D),*® were used to estimate health state utilities at base-
line, 6 months, and 12 months. All sites obtained informed
consent from participating patients prior to enrollment using
study-specific consent forms approved by local or regional
institutional review boards.

SIFI

Sacroiliac Joint Fusion with iFuse Implant System (SIFI) is
a prospective, multicenter, single-arm clinical trial (n=172)
with the same eligibility criteria as INSITE.** Similar to
INSITE, VAS S1J pain, ODI, SF-36, and EQ-5D assess-
ments were measured at baseline and at similar structured
time points in follow-up. Although SIFI did not include a
randomized control group and did not capture health care
resource utilization related to the SIJ, SIFI was otherwise
identical in design to INSITE.

Probabilities of success for MIS SlJ fusion

and non-surgical treatment groups

The proportion of patients achieving an adequate pain
response to MIS SIJ fusion was based on data from both
prospective S1J fusion trials (INSITE and SIFI). In INSITE,
patients randomized to SIJ fusion achieved a mean improve-
ment from baseline in VAS S1J pain of 52 and 54 points at 6
and 12 months, respectively (Figure S1). Pain improvements®
were very similar in SIFI at 50 and 49 points, respectively.
Successful response to MIS S1J fusion, defined as an improve-
ment in VAS SIJ pain of at least 20 mm,* occurred in 82%
of surgically treated subjects in both studies at both 6 and 12
months. Random effects meta-analysis (performed with the
metafor> R package) was used to combine the two trials; the
meta-analytic success rate estimate was 82.2% (95% confi-
dence interval [CI] 77.7%—86.8%) and 81.7 (77.0%—86.4%)
at 6 and 12 months, respectively. We therefore assumed a
response rate to MIS SIJ fusion of 82% (range 77%—87%,
Table 1). In contrast, only 27% of INSITE subjects (95% CI
15.0%—42.8%) assigned to non-surgical treatment showed
adequate pain responses at 6 months. This value and range
was taken as the probability of success for non-surgical treat-
ment in the Markov model. Although mean pain and ODI
reductions after non-surgical treatment peaked at month 3
and had slightly dissipated by month 6, patients who achieved
a favorable response to non-surgical treatment initially were
assumed to remain in the same health state (good response/
mild pain) throughout follow-up.

Probability of revision after
MIS Sl fusion

Surgical revision is an important event in terms of both patient
quality of life and health care costs. While revision after
lumbar fusion surgery is common (10%—14% at 4 years),™
surgical revision after minimally invasive SIJ surgery appears
to be less common. Revisions can occur early as a result of
immediate postoperative pain from implant malposition and
L5-S1 nerve root irritation. Revision may also occur due to
late recurrence of SIJ pain, possibly associated with implant
loosening. The surgical revision rate after primary SIJ fusion
surgery was estimated from inventory (>11,000 US cases)
and complaints databases (postmarketing surveillance)
managed by SI-BONE using Kaplan—Meier survival curve
analysis. Total revision rates at year 4 were 3.5% and there
was evidence of decreasing 1-year revision rates over time.
We therefore assumed a cumulative 1-year rate of 1% and a
cumulative 4-year rate of 3.5% (Table 1). Patients undergoing
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Table | Inputs for event probabilities and utility weights for health states

Base Range for Distribution for Sources
case sensitivity analyses PSA
Probabilities
SlJ fusion surgery
Successful response to initial surgery or early revision 0.82  0.77-0.87 N (0.82, 0.025)* INSITE® SIFI®
Immediate revision after initial SlJ fusion 0.0l 0.005-0.02 Beta (0.01, 0.003) INSITE, SIFl, Postmarketing surveillance
Yearly late revision for symptom recurrence 0.01 0.005-0.015 Beta (0.01, 0.002) Postmarketing surveillance
Successful response to late revision surgery 0.5 0.40-0.70 Uni (0.3, 0.7) Expert opinion
Non-surgical treatment
Successful response 027  0.15-0.43 Beta (0.27, 0.066) INSITE
Utilities for each health state
Mild pain (good response) 0.77  0.75-0.95 Beta (0.76,0.02)  INSITE, SIFI
Severe pain (poor response) 0.45 0.40-0.60 Beta (0.45, 0.02) INSITE, SIFI
Patient population assumptions
Age of patient (in years) 50 40-70 NA INSITE, SIFI
Time horizon (in years) 5 2-15 NA NA

Notes: INSITE (Investigation of Sacroiliac Fusion Treatment) trial n=102 in Sl fusion arm, n=46 in non-surgical treatment arm; *SIFl (Sacroiliac Joint Fusion with iFuse Implant
System) trial =172, all of whom underwent SIJ fusion. *N = normal distribution (mean, SD); Beta = beta distribution (listed are mean, SD); Uni = uniform distribution (min, max).
Abbreviations: S, sacroiliac joint; PSA, probabilistic sensitivity analysis; SD, standard deviation; NA, not applicable.

early revision surgery accrued 1 month of being in the severe
S1J pain health state. Based on expert opinion, response rates
after early revision surgery were assumed to be the same as
after initial surgery, and response rates after late revision
surgery were assumed to be lower at 50%. Patients in the mild
pain health state who undergo late revision surgery accrued
2 months of being in the severe SIJ pain health state.

Because the Markov model was on a monthly basis, all
yearly probability values derived from literature or other
sources listed in Table 1 were converted to monthly values
using the formula:

p,=1-(1-p)" (1)

where p_ is a monthly probability and p, is a yearly
probability.

Utility measurements
The impact of SIJ pain and its treatment on health state
utility was measured during the trials. Specifically, EQ-5D
time trade-off (TTO) health state utility values assessed at
baseline, and 6 and 12 months after treatment were used as
model inputs. This approach has been used for other cost-
effectiveness analyses of spine interventions.>

At baseline, health state utility as assessed by both
EQ-5D and SF-6D were substantially depressed, indicating
a high burden of pain.'® In INSITE, EQ-5D TTO index was
0.45 prior to randomization. Amongst successful responders
to treatment (subjects with =20 mm improvement in VAS
SIJ pain after treatment), EQ-5D TTO index improved to
0.77 (P<<0.0001). For those who did not have successful

pain responses (ie, <20 mm improvement on VAS S1J pain),
the 6-month TTO index was 0.46, which was similar to the
utility value at baseline (0.45) and consistent with the lack of
improvement in pain. Therefore, health state utilities for the
mild pain health state (positive response to treatment) and the
severe pain health state (inadequate response to treatment)
were assigned as 0.77 and 0.45, respectively (Table 1).

Utilization of health care resources

and cost inputs

Resource utilization was based on data specifically col-
lected in INSITE using a indirectcost-accounting method.
Currency in this paper is presented as US dollars. At each
visit, subjects were queried regarding the occurrence of
any SIJ-directed resource utilization since the last visit that
was either required by the study protocol or was outside of
the protocol. Based on these data, bootstrap methods were
utilized to calculate the probability and variance of receipt
of each health care resource across the study arms. In the
S1J fusion group, health care resources utilized included
the frequency of bilateral SIJ fusion (25%), the number
of postoperative physical therapy rehabilitation sessions
(mean =9 sessions per subject) and non-trial-related costs
of workup and treatment (mean =$250 per subject). Costs
of workup included brief hospitalizations for pain control
and computed tomography scans to evaluate the SIJ after
a fall. In the non-surgical treatment group, interventions
included number of physical therapy sessions (mean =13 per
subject), number of SIJ steroid injections (mean =0.87 per
subject), number of RF ablation (mean =0.48 per subject)
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and non-trial-related costs of workup and treatment for
adverse events or additional physical therapy (mean =$136
per subject). Costs of workup included additional physi-
cal therapy prescribed by the physician or evaluations for
residual pain after an RF ablation. After 6 months of non-
surgical treatment, we assumed that health care resource uti-
lization for S1J pain decreased by 50%. This is a conservative
assumption, given that studies have shown that non-surgical
treatment of SIJ pain has persistent yearly costs, presumably
to maintain clinical response.**’

Since the model’s perspective was from the third-party
payer, only direct medical costs related to SIJ-related health
care interventions were included. Total costs for each treat-
ment arm were calculated as the sum-product of the mean
frequency of utilizing resources and the national average
payments for Medicare inpatient prospective payment system,
hospital outpatient prospective payment system, and physi-
cian fee schedule Final Rule 2015. Given that SIJ fusion and
other SlJ-directed procedures can occur in both the inpatient
and outpatient setting, weighted averages were calculated for
procedures performed in multiple settings of care. Variation
in the likelihood of additional health care utilization (derived
from INSITE) as well as health care costs were assumed to
be +20% of base case assumptions. These variations were

Table 2 Inputs for cost and resource utilization

included in sensitivity analyses. Resource utilization, costs,
and inputs for sensitivity analyses are described for both
treatment arms in Table 2.

Base case analysis and sensitivity analysis

The decision analytic Markov model was programmed
and analyzed using TreeAge Pro 2015 (TreeAge Software,
Inc., Williamstown, MA, USA).5® The model estimates
ICER during a 5-year follow-up period after MIS SIJ
fusion vs non-surgical treatment. ICERs were calculated as
the difference in cumulative discounted total direct costs of
S1J fusion and non-surgical treatments divided by the differ-
ence in cumulative discounted QALY's. The 5-year period
was selected to be consistent with a recently published
systematic review and meta-analysis on longer term data.*
Multiple one-way sensitivity analyses using ranges listed in
Table 1 and Table 2 were conducted to test the robustness
of the baseline results. The base case model duration was
5 years; however, we also explored models from 2 to 15
years. A probabilistic sensitivity analysis (PSA) was con-
ducted using Monte Carlo simulation with 5,000 iterations
to allow all variables to vary simultaneously. For the PSA,
key variables were assigned continuous distributions using
either uniform distributions, normal distributions or beta

Cost and utilization estimates Base Range for Source
case sensitivity analyses
SIJ fusion surgery, unit costs
Unilateral SlJ fusion/revision surgery $13,636%*  $10,000-$18,000 MS-DRG 460, spinal fusion except cervical without
MCC ($21,596)
CPT 27279, APC for SlJ fusion ($10,224)
Percentage of patients requiring bilateral SlJ fusion 0.25 0.1-0.35% Investigation of Sacroiliac Fusion Treatment (INSITE) trial®
Physician payment $574 $459-$689** CPT 27279
Anesthesia (4 base units + 4 time units) $180 $144-$216%* CPT 01160
Postoperative rehabilitation per session $105 $84—$126%* CPT 97001 and CPT 97140
Sessions of postoperative rehabilitation 9 7.2-10.8% INSITE trial
Cost for non-trial-related workup $1,000 $800-$1,200%* Expert opinion
Total cost $19,456
Non-surgical treatment, unit costs
Physical therapy per session $105 $84-$126™* CPT 97001 and CPT 97140
Sessions of physical therapy 13 10-16% INSITE trial
SI) steroid injection (injection for Sl), anesthetic/ $462!l $370-$554** CPT 27096 (injection for SlJ)
steroid, with image guidance) G0260
Number of SlJ steroid injections per patientin 6 mo  0.87 0.6—1.1% INSITE trial
Radiofrequency (RF) ablation $1,0611 $848-$1,273+* CPT 64635
Number of RF ablations per patients in 6 mo 0.48 0.3-0.6% INSITE trial
Costs for non-trial-related workup $166 $0-$500 Expert opinion
Total cost $2,446

Notes: *Assumes 30% inpatient, 70% outpatient; **+20% of base case; “distribution derived by bootstrap methods from trial data; lassumes 50% outpatient facility, 50%

physician office. Currency is presented as US dollars.

Abbreviations: Sl), sacroiliac joint; mo, months; MS-DRG, Medicare Severity Diagnosis Related Groups; MCC, major complications or comorbidities; CPT, Current
Procedural Terminology; APC, Ambulatory Payment Classifications.
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distributions (for probability parameters), with variances
listed in Tables 1 and 2. The probability of cost-effectiveness
as a function of various selected thresholds was calculated
as per Fenwick et al.>® The 95% confidence interval for the
bivariate distribution of costs and QALY's estimated in the
PSA was calculated using 2d kernel estimates (kde2d from
the MASS R library).®

Results

Base case results

The economic evaluation of MIS SIJ fusion using the
iFuse Implant System relative to non-surgical treatment is
presented in Table 3. The average 5-year total cost per patient
who underwent SIJ fusion was $22,468. The incremental cost
of SIJ fusion relative to non-surgical treatment was $9,833
and the incremental QALY gain was 0.74 years. The cor-
responding ICER was $13,313 per QALY gained.

Sensitivity analysis

Multiple one-way sensitivity analyses were conducted for
both QALY's and costs. QALY's were most sensitive to vari-
ance in model duration, the utility of severe and mild S1J pain,
and the probability of success response for each treatment
(Figure S2). QALY's were not sensitive to discount rate, age
at start or late surgical revision rates, including a revision rate
as high as 7% (results not shown). With increasing model
time horizon, the cumulative difference in QALY's grew.
Cumulative costs were most sensitive to model duration,
the cost of SIJ fusion surgery, the probability of bilateral
surgery, and the number of physical therapy sessions in non-
surgical treatment (Figure S3). ICERs were most sensitive
to the utility of severe pain, model duration, and the success
rate for non-surgical treatment (Figure 2). Using the 5-year
time horizon, ICERs <~$26,000/QALY were estimated in
all one-way sensitivity analyses (Figure 2). With increasing
model time horizon, the differences in cost decreased, with
ICERs of <$2,300/QALY at 10 years and break-even costs
at approximately 13 years, at which point SIJ fusion was a

Table 3 Cost-effectiveness results in base case analysis

Treatment Total Quality- Incremental
direct adjusted life cost-effectiveness
cost years (QALYs) ratio (ICER)

Non-surgical $12,635 246 -

treatment

Sl) fusion $22,468 3.20 -

Incremental value  $9,833 0.74 $13,313

Note: Currency is presented as US dollars.
Abbreviation: Sl), sacroiliac joint.

dominant strategy (higher QALY, lower costs). Break-even
occurred at about 7 years if the costs of non-surgical treat-
ment were raised 50%.

A PSA showed a high degree of certainty that the maxi-
mum ICER for SIJ fusion was less than commonly selected
thresholds for acceptability (Figure 3). The bivariate distribu-
tion of incremental costs and QALY's is shown in Figure S4.
In fact, all simulations determined that the ICER was less
than $45,000/QALY and 99.5% of simulations showed
values <$30,000. The mean (95% CI) 5-year cost per patient
in the SIJ fusion cohort was $22,407 ($17,215-$27,888)
and the mean QALY was 3.20 (95% CI 3.03-3.36). In
comparison, the estimated 5-year mean cost of non-surgical
treatment was $12,615 (95% CI $10,336-$15,065) and the
mean QALY was 2.46 (95% CI 2.24-2.70). The mean ICER
was $13,687 per QALY gained (95% CI $5,162-$28,085).

Discussion

We performed a cost-effectiveness analysis using quality of
life and health care utilization findings from a prospective
randomized controlled trial of minimally invasive S1J fusion
vs non-surgical treatment. The randomized trial provided
estimates of variation in health care utilization in both sur-
gical and non-surgical treatment, including postoperative
care, that could be expected in standard clinical settings.
Additional data were derived from a companion independent
prospective multicenter clinical trial of SIJ fusion* as well
as a systematic review.*

Minimally invasive SIJ fusion was associated with a
0.74 expected cumulative QALY gain after 5 years at an
incremental cost of approximately $9,800, resulting in an
ICER of approximately $13,300/QALY. The primary model
drivers for cost-effectiveness were utility values associated
with severe S1J pain, costs of the index surgery, and the prob-
ability of successful treatment with non-surgical treatment.
The base case time horizon was 5 years; when the model
was extended beyond 13 years, the cumulative cost curves
crossed (break-even around 13 years). The long-term costs
of non-surgical treatment continue to accrue because the
model assumed that ongoing non-surgical interventions are
required to maintain pain relief. Altogether, the model found
that minimally invasive SIJ fusion using triangular titanium
implants was likely to be a highly cost-effective strategy for
patients with chronic SIJ dysfunction who participated in
INSITE. With longer time horizons, the cost-effectiveness
improved (eg, ICER of ~$2,500/QALY at 10 years).

Several devices for minimally invasive S1J fusion are now
commercially available in the US. However, the majority of
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Figure 2 Tornado diagram of incremental cost-effectiveness ratio (ICER).
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the published literature reports use titanium porous coated
implants that are triangular in cross-section; these implants
are designed to stabilize the joint, prevent joint rotation, and
promote long-term fusion. Published case series** ** and com-
parative cohorts®* attest to the safety and effectiveness of the
procedure but did not provide information on the economic
value of the procedure. (Indeed, economic value of most
neurosurgical or spine procedures is lacking.)®

Comparing our results to those from other cost-
effectiveness analyses embedded within primary clinical
trial data is instructive. The landmark SPORT studies,®°
which compared surgical and non-surgical treatment for
three common spine conditions, included a detailed cost-
effectiveness component. In patients with lumbar disc
herniation, the estimated mean 2-year gain in QALYs
when using surgical as opposed to non-surgical treatment
was 0.21.% The cost per QALY gained was $69,000; for
patients aged 65 or older the ICER decreased to $34,000.
In lumbar spinal stenosis, decompressive laminectomy
provided a QALY gain over non-surgical treatment of 0.17
years at a cost of $77,000 per QALY gained.® In degen-
erative spondylolisthesis, the mean 0.23 QALY gain cost
$115,000. A 4-year update of the SPORT studies showed
ICERSs of $59,000 per QALY in spinal stenosis, $64,000
per QALY for degenerative spondylolisthesis, and $20,000
per QALY for intervertebral disc herniation.® These values
are notably higher than those from our model. Moreover,
analyses derived from SPORT may be limited by the non-
randomized nature of the comparisons resulting from mas-
sive early crossover in these studies. The SIJ cohort studied
in our randomized trial may have had worse quality of life
at baseline compared to subjects in SPORT,*” and the SIJ
fusion procedure may be less costly than some of the spine
surgeries SPORT investigated; these may have allowed more
QALY improvement and less treatment costs, leading to
better overall cost-effectiveness.

For patients with symptomatic single-level lumbar
degenerative disc disease of at least 6 months that had failed
non-operative care, use of recombinant bone morphogenetic
protein-2 during a single-level instrumented posterolateral
lumbar interbody fusion was reported to cost $30,000 per
QALY.® This calculation was done without a comparator non-
surgical group, so the cost-effectiveness of this intervention
relative to non-surgical treatment is not known. In patients
with moderate lumbar stenosis, analysis of a randomized
trial similar to INSITE showed that an interspinous spacer
(X-STOP) was highly cost-effective ($18,000 per QALY)
compared to conservative care.® However, subsequent stud-
ies showing relatively high revision rates after X-STOP"">

suggest that cost-effectiveness of this intervention may not
be maintained over a longer time horizon.

These comparisons with other surgical procedures in the
spine suggest that SIJ fusion with titanium implants has a
cost-effectiveness similar to that of hip and knee arthroplasty
(ICERs approximately $10,000 per QALY for hip arthro-
plasty and $12,000 for total knee arthroplasty)” and better
than those of laminectomy for lumbar stenosis and lumbar
fusion for degenerative spondylolisthesis.

Parker and McGirt described the concept of minimally
clinically effective difference as the amount of improvement
necessary to achieve cost effectiveness.” In our model, the
incremental cost-effectiveness of SIJ fusion was <$50,000 per
QALY provided that the success rate with SIJ fusion was at least
45%. In both INSITE and SIFI, the success rate was >80%,
suggesting both that the change in health observed with SIJ
fusion exceeds the minimally cost-effective difference and that
the likelihood of cost-effectiveness of SIJ fusion is high.

Strengths and limitations

Our model has several strengths. First, the model incorpo-
rated data directly collected from an ongoing prospective
randomized trial of SIJ fusion vs non-surgical treatment
over 12 months as well as data from a companion clinical
trial with identical success rates. Subjects in both studies
attended multiple, pre-scheduled follow-up visits, allowing
for repeated assessments of success rates and quality of life.
In INSITE, specific information on health care utilization
required by the trial as well as additional non-trial resource
use was collected. Trial data were used to calculate ranges
for key variables in sensitivity analyses. The rate of surgical
revision, an important outcome for any surgical procedure,
was directly estimated from postmarketing surveillance
systems over 5 years. Because revision rates were low, they
did not have a meaningful impact on cost-effectiveness
calculations. Finally, overall model results were found to be
robust to changes in key parameters. PSA with wide distri-
butional assumptions revealed that the surgical strategy was
cost-effective and, in some scenarios, cost-saving, compared
to non-surgical treatment.

The primary limitation of the model is the lack of eco-
nomic data from prospective trials with greater than 12 months
of follow-up. The 5-year time frame was selected to reflect
the time frame for data available on clinical outcomes, as
summarized in a recently published systematic review.*
Based on this information, we assumed that patients who did
not require revision surgery maintained lasting successful
response to SIJ fusion and remained in the mild pain health
state. This assumption is supported by long-term SIJ fusion
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cohort studies.*’** Given that long-term data substantiating
sustained positive responses to non-surgical treatment of
SIJ pain are not available, our model may be considered as
conservative. Our model assumed that maintenance of pain
relief in patients who respond to non-surgical treatments
requires ongoing interventions (eg, ongoing physical therapy,
S1J steroid injections and/or RF ablation). This assumption
is reasonable given that available non-surgical treatments for
SIJ pain do not address the underlying fundamental cause of
SIJ pain. The need for ongoing treatment costs is supported
in a recent analysis of Medicare®® and non-Medicare®” sources
describing medical expenditures for non-surgical treatment
of SIJ pain that were substantially higher than the costs
incurred in the cohort of non-surgical management in our
model. Thus, our assumption that the intensity of non-surgical
treatment after month 6 was half that expended during the
first six months was conservative. Taken together, the above
data suggest that our estimates of costs of non-surgical
treatments were underestimated and our estimates of the
cost-effectiveness of SIJ fusion may be conservative.

Our model applies only to patients with SI1J as diagnosed
with the strategy used in INSITE, namely a combination of
characteristic pain history, positive findings on at least three
of five physical examination provocative maneuvers that stress
the SIJ, and a positive diagnostic SIJ block. This diagnostic
strategy is commonly used in clinical practice. Our model
may also apply only to the triangular implant used in INSITE.
Whether our results apply to other devices used to fuse the SIJ,
such as hollow modular anchor screws,**! is not known.

Finally, we did not include medication use in our model.
The INSITE randomized trial showed only a modest reduc-
tion in narcotic use after 6 months in those treated with MIS
SIJ fusion compared to non-surgical treatment. Including
these reductions in pain medication use may have resulted
in somewhat improved cost-effectiveness ratios.

Conclusion

Markov modeling based on a prospective clinical trial showed
minimally invasive SIJ fusion to be a highly cost-effective,
and, in the long term, cost saving strategy for the treatment
of SIJ dysfunction due to SIJ degeneration or disruption. The
cost-effectiveness of minimally invasive SIJ fusion is similar
to that of hip and knee arthroplasty.
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Notes: INSITE (Investigation of Sacroiliac Fusion Treatment), a prospective trial, randomized subjects to minimally invasive surgical fusion (green) or non-surgical treatment
(blue). SIFI, (Sacroiliac Joint Fusion with iFuse Implant System) a prospective single-arm trial, treated all subjects with surgical fusion (purple). Values plotted are mean =+ SE.
Numbers refer to number of subjects at each time point in whom outcomes were evaluated. Both studies are ongoing. More than 80% of subjects in non-surgical arm crossed
over to surgery at 6 months in INSITE.

Abbreviations: VAS, visual analog scale; SE, standard error; ODI, Oswestry Disability Index.
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Incremental QALYs

Figure S2 One-way sensitivity analysis for incremental QALY (SI) fusion — NSM).
Abbreviations: QALYs, quality-adjusted life years; Sl), sacroiliac joint; NSM, non-surgical management.
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Months duration of model -

Cost of iFuse surgery -

Probability that bilateral SIJF required
Number of PT sessions in NSM

Costs of non-trial-related interventions in NSM group =
Cost of postoperative rehab (9 sessions) =
Number of RFA injections in NSM

Probability of late revision per year—
Probability of success with iFuse -

Discount rate -

Number of steroid injections in NSM =

Cost of RFA+

Cost of SIJ steroid injection <

Probability of undergoing full course of rehab
Age at start

Probability of immediate revision -

Cost for workup of non-response to iFuse
Cost of surgeon fee for SIJF =

Non-trial costs of iFuse in first 6 mo-

Probability of success with iFuse after late revision surgery =

Figure S3 One-way sensitivity analysis for incremental costs (SIJF — NSM).

T T T
$5,000 $10,000 $15,000

Incremental costs

T
$0

Abbreviations: SIJF, sacroiliac joint fusion; rehab, rehabilitation; RFA, radiofrequency ablation; mo, months; NSM, non-surgical management; PT, physical therapy.

$30,000 —

$20,000 —

$10,000 —

Incremental cost

$0

-$10,000

I I
0.0 0.5

I I
1.0

Incremental QALYs

Figure S4 Probabilistic sensitivity analysis of incremental costs and effectiveness for SlJ fusion surgery vs non-surgical treatment over 5-year time horizon.

Notes: Blue circle shows area of 95% probability based on 2d bivariate kernel density estimates. The two dotted lines show willingness-to-pay (WTP) ratios of $50,000 and

$30,000 per QALY. Currency is presented as US dollars.
Abbreviations: S, sacroiliac joint; QALY, quality-adjusted life year.
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